ABSTRACT
INTRODUCTION
The chemical composition of cider is established during three fermentative stages: the oxidative (apiculate or non-Sacharomyces yeast), the alcoholic (mainly Saccharomyces sp.) and the malolactic (lactic acid bacteria, LAB). Oxidative fermentation is the first phase observed in natural fermentations, being responsible for aromatic compound formation with fruity and floral aromas (Drilleau 1996; Valles et al. 2008) . The main microorganisms isolated in this phase are apiculate yeasts such as Metschnikowia pulcherrima, Pichia guilliermondii, Hanseniaspora valbyensis and H. uvarum, Candida parapsilosis, Lachancea cidri, Candida sake, Candida tropicalis, Kluyveromyces marxianus and Kloeckera sp. (Martinez et al. 1989; Beech 1993; Coton et al. 2006; Valles et al. 2008) . Fermentation begins due to nonSaccharomyces yeast, which is usually present in the apple epicarp and processing equipment. The population may reach around 10 6 colony forming units (CFU) per mL, and they are inhibited by Saccharomyces sp. (Fleet 1990; Morrisey et al. 2004; Coton et al. 2006 ). This stage may last between 5 and 15 days in natural fermentations in French cider conditions (Le Quéré and Drilleau 1998) . There are some problems related to natural fermentation, such as the lack of control, which can result in a decrease in the quality and the risk of contamination. The utilization of commercial yeast, usually in the active dry form, allows for a better control of fermentation and reduces the risk of negative organoleptic effects resulting from the growth and metabolism of other indigenous yeasts (Cabranes et al. 1997; Valles et al. 2008) . Natural yeasts of the Saccharomyces genus are observed in apple must in a population of approximately 6.0·10 4 CFU/mL and they may reach a maximum population of 1.0 at 4.0·10 7 CFU/mL when the fermentation reaches its maximum velocity. The growth stabilizes after the consumption of 10 to 15 g/L of sugar (Le Quéré and Drilleau 1998) , whereas, when viable cells of S. cerevisiae are inoculated in apple must in a population of around 10 6 CFU/mL, they reach the stationary phase with a population of 10 7 CFU/mL (Herrero et al. 1999 ). However, with inoculum it is possible to standardize the compounds formed during the fermentation with a direct effect on the quality of the cider (Ribéreau-Gayon et al. 1998) . Alcoholic fermentation converts the sugars to alcohol and carbon dioxide. It may occur through the indigenous microflora action by Saccharomyces sp., especially S. uvarum and S. cerevisiae, which are more adapted to the anaerobic conditions and alcohol content that are present in the fruit and in the processing environment (Michel and Bizeau 1988; Morrisey et al. 2004; Valles et al. 2007 ). Alcoholic fermentation may leave apple wine deficient in vitamins and amino acids for the development of bacteria in the first week of fermentation (Drilleau 1996) . However, during the phase when the yeast dies, nutrients are released that act as growth factors in the development of lactic acid bacteria (King and Beelman 1986) . Malolactic fermentation (MLF) is a microbiological process that promotes the decarboxylation of L-malic acid (bicarboxylic) in L-latic acid (monocarboxylic). It is desirable for three reasons: a decrease in the acidity, an increase in sensory features and a contribution to microbiological stability (Versari et al. 1999; Liu 2002; Xu et al. 2005; Cañas et al. 2008) . The average acidity of Brazilian apples is 3.6 g/L (Paganini et al. 2004; Wosiacki et al. 2008) . Oenococcus oeni is known as LAB, with a major capacity to develop malolactic fermentation in the modern fruit wine industry (Louvand-Funel 1995; Herrero et al. 1999; Liu 2002; Xu et al. 2005; Sánchez et al. 2010) . Starter cultures of LAB are not employed to ensure its correct development in cider, as occurs in the wine industry (Herrero et al. 2001) . Deeper knowledge of the complex microbial ecology during spontaneous MLF in traditional cider processing is therefore vital. Cider processing in Brazil began in the early 1970s, together with the first harvest of national apples. The production of the Gala and Fuji varieties represents 90% of total production and consequently apple must in Brazil is a mixture of these two varieties (ABPM 2011). Processing occurs in the summer, with temperatures between 25 and 35°C. This temperature, combined with the addition of sulphur dioxide (100-200 mg/L) and active dry yeast inocula (20-40 g/hL), results in a fast alcoholic fermentation (5-7 days) that promotes an aroma with 'yeasty' sensory notes, which must be normally corrected by the bottling industry. Before bottling, sugar may be added up to the maximum limit that is found in apples (ABPM 2011; Nogueira and Wosiacki 2010) . There are many works in the literature about the processing of apple wine and the factors that affect its quality. However, there are few studies about the behavior of the microorganisms responsible for apple must fermentation in Brazilian conditions, which differs greatly from that found in American and European processing. In this present article, the evaluation of the population dynamics of microorganisms used in Brazilian cider processing is presented with the intention of discussing the relationships between the physicochemical composition of the beverage, the various phases of fermentation, and the specific metabolites. 
MATERIALS AND METHODS

Raw material
Apple must processing
The fruits were selected, cleaned in potable water, weighed, milled in a multi-processor (Metvisa Processor, type MPA) and put in the plastic screens. A set of five screens was arranged in a vertical pillage to extract the juice by two pressings (Eureka hydraulic press, Hoppe Ind. Ltd. Brazil), one at 1.0 kgf/cm for two minutes, followed by 4.0 kgf/cm for five minutes. The apple must was depectinized with enzyme (Pectinex-Batch 1201371L) at a concentration of 3.0 mL/hL, for 4 h at 25±2ºC (Wosiacki et al. 1989) . After this sedimentation time, the apple must was racked and divided in fermentors.
Indigenous microorganisms in apple must
The musts were used as source of microorganisms for the initial quantification of total yeast, nonSaccharomyces yeast and lactic bacteria acid.
Apple wine processing
The depectinized juice (450 mL) from each experiment was distributed in six Erlenmeyer flasks (500 mL), identified as P 0 (control), P 3 , P 10 , P 20 , P 30 and P 45 (days of fermentation), respectively.
Fermentation
The fermentations were carried out as follows: (A) natural fermentation; (B) fermentation with inoculum of S. cerevisiae (0.05%, Arôme Plus, Pascal Biotech) that corresponded to approximately 6.00·10 6 cells/mL; (C) fermentation with inoculum of S. cerevisiae (Arôme Plus, AEB Goup) and 10 mg of Oenococcus oeni that corresponded to 1.00·10 6 cells/mL (Enolat DIR*01, Vêneto Mercantil). The yeast fermentations were conducted at room temperature with a variation between 24.9 to 30.7°C, similar to industrial conditions.
Fermentation rate
Fermentation was monitored by weight loss caused by the release of CO 2 (Bely et al. 1990; Roger et al. 2002) and the weight was determined every two hours at a sensitivity of 0.001 g for 45 days (fermentation time) at room temperature (24.9 to 30.7ºC). The CO 2 production rate (dCO 2 /dt) was calculated by polynomial smoothing (Alberti et al. 2011) .
Total yeasts counting
Total yeasts count were performed considering the colonies in a selective medium prepared with 39 g of PDA (Potato Dextrose Agar, Difco 213400) diluted in 1000 mL of distilled water. The material was sterilized in a retort (AV 13811, Phoenix). Tartaric acid (ACS-189, Ecibra) 1:10 in the concentration of 1.8% was added and the medium was poured into 90 mm diameter Petri dishes (J. Prolab). After solidification, the cold media were inoculated with 100 µL-sample and incubated at 28°C for 48 h. The visible colonies were counted manually and the result expressed in CFU/mL (Silva et al. 2010 ).
Apiculate yeasts counting
Selected medium was prepared in two stages. In the first, 11.75 mL of yeast extract (Biobrás, cod. 155-1) was diluted in 500 mL of distilled water and sterilized in an autoclave. In the second stage, the extract was prepared with 2.3 g of lysine, 20 g of agar-agar (Rea-tech), diluted in 500 mL of distilled water, warmed until complete dissolution in a microwave and sterilized in an autoclave. Both media were mixed together and 10 mL was poured into 90 mm Petri dishes and later, the solid media received 100 µL of source of microorganisms. After the incubation at 28°C for 48 h, the colonies were counted manually and the result expressed in CFU/Ml (Silva et al. 2010 ).
Lactic bacteria counting
Selective medium was prepared with 50 g of MRS agar (Lactobacilli MRS, Broth) diluted in 950 mL of distilled water and the pH was adjusted to 4.8 with concentrated phosphoric acid (Biotec). To this medium 20.0 g of agar-agar (Rea-Tech) was added and the volume was completed with doubledistilled water to make 1000 mL. A solution of antibiotics was prepared using 20.0 mg of actidione (Cycloheximide Sigma C1988-5G) and 5.0 mg of oxine (8-quinolinol Sigma H6878-25G) diluted in 10.0 mL of distilled water and sterilized by filtering using sterile membrane of 0.45 µm. A 1.0 mL of the sample was introduced into a Petri plaque with 0.5 mL of antibiotic solution and 10.0 mL of the culture medium. The plaques were placed in anaerobic (Anaerobac, Probac do Brasil Ltd) jugs (Permution). After incubation for 8 days at 28°C, the colonies were manually counted and expressed as CFU/mL (Silva et al. 2010 ).
Physicochemical analysis
The reducing sugars were quantified by the classic Somogyi (1945) and Nelson (1944) method. Sucrose was hydrlyzed with HCl 1 M (50ºC/5 min). Glucose was quantified by the enzymatic method of glucose oxidase, and sucrose and fructose were calculated by difference. The results of glucose and fructose were confirmed by the enzymes kit (cod. 0139106, Roche). All the sugars were expressed in g/100 mL (Tanner and Brunner 1985) . The total acidity was determined by neutralization with 0.1 M NaOH, with phenolphthalein as an indicator, and expressed as malic acid in g/100 mL (IAL 2008) . The volatile acidity was calculated as acetic acid and expressed as g/100 mL (IAL 2008) . The L-malic acid, Dlactic acid and L-lactic acid were quantified by the enzymes kit (L-Malic acid, cod. 10139068035 and D-Lactic, L-Lactic, cod. 11112821035, Roche). The ethyl alcohol content was determined by ebuliometry. The pH was determined by a pH meter (Tecnal pH digital micro processor, model TEC3-MP) and the total nitrogen content was determined by the Kjedhal method (IAL 2008) .
Statistical analysis
Statistical descriptive analyses were carried out using Microsoft Excel 2007 software.
RESULTS AND DISCUSSION
Indigenous microorganisms in apple must
Commercial and unclassified apples were processed separately. The populations of total and apiculate yeast and LAB of the two apple juices were evaluated (Table 1) . This process was repeated ten times with different batches of fruit for the fermentative and oxidative yeasts, and eight times for the LAB. In the fresh must, on the laboratory scale the initial apiculate yeast population was 1.13·10 4 CFU/mL but in the unclassified apples this reached up to 3.20·10 5 CFU/mL due to contaminated fruits (Table 1) . Similar values (5.50·10 5 CFU/mL) were found in apple must by Nogueira et al. (2007) . These counts could be explained because the processing of cider occurred in the summer with temperatures of around 25ºC and also due to low acidity and the low tannin content of the raw material. It is usual to add sulphite as soon as the juice is extracted in order to eliminate undesirable microorganisms, but this procedure also affects non-Saccharomyces and some bacteria that contribute to the formation of pleasant flavors (Lea and Drilleau 2003) . The initial population of fermentative yeast in the apple must made with commercial apples was 4.31·10 3 CFU/mL. When the must was obtained from unclassified fruits (those that were removed during the classification process due to defects, including contamination), the yeast population was higher, reaching 9.14·10 3 CFU/mL. Nogueira et al. (2007) found higher values, between 3.00·10 4 and 6.50·10
4 CFU/mL, in commercial and unclassified apples, respectively. LAB ranged from zero to 1.17·10 2 CFU/mL in the commercial apples. The populations of unclassified apples were similar, from zero to 1.41·10 2 CFU/mL (Table 1) . These values could be higher depending on the stage of maturity, injury, or degree of contamination. Table 2 showed the results of the apple must composition and alcoholic fermentation with three inoculums conditions: (A) indigenous yeast (natural), (B) inoculated with yeast, and (C) inoculated with yeast and lactic bacteria. The total reducing sugars, 111.83 g/100 mL (glucose, fructose and sucrose) and the reducing sugar 80.75 g/100 mL (glucose and fructose) in the apple must composition showed an adequate degree of ripening for apple wine processing (Paganini et al. 2004 ). According to Beech (1993) , this apple must is classified as regular (1047-1056 m/v). The total nitrogen content was considered a normal value (75-150 mg/L), in accordance with RibereauGayon (1998) and Alberti et al. (2011) . The pH, total acidity and volatile acidity were similar to the apple must of the Gala variety evaluated by Wosiacki et al. (2008) . The malic acid content (2.6 g/L), the main organic acid found in the apples, was considered low in comparison with the European industrial apple must; around 4.5 g/L (Drilleau 1996) . This was because Brazilian apple production consisted of the fruits that were developed and genetically improved for immediate consumption. As far as these varieties were concerned, they consisted of 95% of Brazilian production, being 55% Gala and 40% Fuji (ABPM 2011). *** --*** --*** --*** ----*** *** --*** *** *** Note: (TRS) total reducing sugar; (RS) reducing sugar; (SD) sulphur dioxide; (--) not analyzed; (***) trace.
Apple must composition
Natural fermentation
The process of natural fermentation is not used in Brazilian apple wine processing, but it is still in use in France, Spain and Ireland (Beech 1994; Michel and Bizeau 1988; Lea and Drilleau 2003; Nogueira and Wosiacki 2010) . In France, the alcoholic fermentation rate is slow and may exceed 60 days. This slow and natural fermentation is responsible for the formation of fruity and floral aromas and allows a better organization of unit operations, such as maintaining residual sugar (Lea and Drilleau 2003) . The natural fermentation of the apple must of the Gala variety can be seen in Figure 1A . Microbial succession is a reflection of microbial interactions, intrinsic growth factors and resistance to inhibitory environmental conditions, such as competition for nutrients and extreme acidic environment (Sánchez et al. 2010) . The fermentative yeast (Saccharomyces sp.) had an initial population of 4.25·10 4 CFU/mL and a similar value was found by Lequéré and Drilleau (1998) in French natural apple wine fermentation. The yeasts presented a rapid growth (Fig. 1A) up to a maximum population of 7.10·10 6 CFU/mL and then declined to 2.27·10 6 ; 1.95·10 5 and 3.15·10 3 CFU/mL after 20, 30 and 45 days of processing, respectively. After 20 days of fermentation, 90% of fermentable sugars were removed. This final residue of sugar was slowly fermented, which could be explained by the toxins released by other microorganisms (Ribereau-Gayon et al. 1998), or by low resistance to ethanol (> 5.0%) (Lafon-Lafourcade et al. 1984) . In the growth phase during the first three days, 30 mg/L of nitrogen compounds were consumed by the non-Saccharomyces yeast. During the next seven days, 70 mg/L of total nitrogen were used due to the growth phase of Saccharomyces sp. (Fig. 1A) . In the fermentation with inoculum of commercial yeast, and the fermentation with commercial yeast and LAB, between 90 to 100 mg/L of total nitrogen were consumed during the growth phase (3-5 days). After 30 days of fermentation, a meaningful release of nitrogen compounds was observed (Table 2) , indicating autolysis process (Patynowski et al. 2002) . Apiculate yeasts, known as non-Saccharomyces, presented an initial population (2.00·10 5 CFU/mL), which was larger than the fermentative yeast (6.00·10 4 CFU/mL) ( Table 3) . Apiculate yeasts are recognized by esters and alcohol synthesis, which promote fruity and floral aromas in cider. This is regarded as a criterion for selecting suitable yeast strains (Bilbao et al. 1997; Lea and Drilleau 2003; Xu et al. 2006) . The growth phase reached the maximum population (3.78·10 6 CFU/mL) after three days of fermentation. After this, a decline phase of apiculate yeast was observed due to the growth of Saccharomyces sp. (Fig. 1A) , a fact already observed by Martinez et al. (1989) . According to Fleet (1990) , this inhibition may simply reflect a low capacity to survive in the presence of alcohol. However, in Figure 1A , a new growth phase could be observed after the decline of the Saccharomyces sp phase. Other factors that may reduce the permanence time of the apiculate yeast during alcoholic fermentation are the availability of nutrients, temperature, inoculates of Saccharomyces, sulphur dioxide and processing technology (Fleet 1990; Romano et al. 1997; Charoenchai et al. 1998; Pina et al. 2004 ). However, Nissen and Arneborg (2003) mentioned that the apiculate yeast inhibition occurred due to the high density of the viable Saccharomyces sp cells. The mechanism of cell-cell contact could be explained by the new growth phase of apiculate yeast when the S. cerevisiae began the cell death phase. The new growth was also due to the release of nutrients from cell autolysis. This situation was observed after the tenth day of fermentation (Fig. 1A) . However, a second decline phase of apiculate yeast (Fig. 1A) was observed, possibly due to the competition for nutrients with LAB in a medium with approximately 6.0 ºGL, considered to be a limit value for survival (Gil et al. 1996) . The indigenous LAB population (1.00·10² CFU/mL) in apple must was similar to that reported by Drilleau (1996) in apple epicarp. In Figure 1A , the lactic acid bacteria population showed a declined phase on the first day of fermentation. This could be due to competition for nutrients and toxic compounds secreted by the yeasts during their growth (Osborne and Edwards 2007) . After 10 days of fermentation, the LAB population was 8.5 CFU/mL. Therefore, due to the death of the fermentative yeast and its cellular autolysis, the release of nutrients stimulated the growth of bacteria (Patynowski et al. 2002) . After 20 days of fermentation, the population increased to 4.1·10 4 CFU/mL, remaining stable until the end of the experiment (Fig. 1 and Table 3 ). The initial pH of apple must was 4.03 and after 45 days of natural fermentation, it reduced to 3.42. The total acidity increased from 2.65 to 6.25 g/L, mainly due to L-lactic acid production by LAB ( Table 2 ). The malic acid of apple must (2.60 g/L) was metabolized during alcoholic fermentation, decreasing to 0.43 and to 0.005 g/L after 10 and 45 days of fermentation, respectively. D-lactic acid was found in small quantity, indicating that malic acid was mainly converted into L-lactic acid ( Table 2 ). The sulphur dioxide produced by the yeasts varied from 2.56 to 5.12 g/L (Table 2) . These concentrations did not affect, or inhibit the LAB as also observed by Osborne and Edwards (2006) .
Fermentation with yeast inoculation
The inoculation of active dry yeast is a normal operation in Brazilian cider processing. In the experiments with S. cerevisiae (Arôme Plus) inoculum (6.02·10 6 CFU/mL), after just 1.81 days of fermentation, the population reached the maximum of 2.43·10 7 CFU/mL (Fig. 1B) . Similar results were obtained by Zardo et al. (2008) and Nogueira et al. (2008) . This population was higher than the maximum observed in natural fermentation (7.10·10 6 CFU/mL), due to the following factors: the process of strain selection; genetic improvement, and the technology of dry active cells (Soubeyrand et al. 2005; Pellet et al. 2006; Nogueira et al. 2008) . The yeast population of 10 7 CFU/mL remained stable until the tenth day of fermentation, when 98.63% of total reduced sugar was fermented for the production of 6.5% of alcohol (v/v) ( Table 2) . Glucose is the first sugar consumed by Saccharomyces sp. in the alcoholic fermentation of apple juice, in a ratio of 4:1 (GLU:FRU) in function of the participation of hexokinase PI and PII that promote the phosphorylation of glucose and fructose, respectively. However, in a ratio of 3:1, glucokinase reacts exclusively with the glucose (D'Amore et al. 1989) . The sucrose content decreased rapidly (86.5%) after three days of fermentation due to hydrolysis releasing glucose and fructose. In the presence of sucrose, Saccharomyces starts the synthesis and release of invertase (Walker 1998; Herrero et al. 1999) . However, in natural fermentation, the major consumption was of fructose, while glucose and sucrose remained stable during the first three days, which showed a lag phase for indigenous yeast adaptation. After this period, the sugar consumption was higher (Table 2) . After 10 days, total yeast Saccharomyces sp. presented a phase of decline, and after 45 days the population was ca. 10³ CFU/mL. Nitrogen consumption during the yeast growth was around 90 mg/L; similar value was observed by Remize et al. (2006) in wine. Cellular autolysis greatly affected the nitrogen compound concentration, increasing from 60 (10 th day) to 110 mg/L (20 th day). Lurton et al. (1989) have also reported the increase in nitrogen content during yeast autolysis in wines. The production of sulphur dioxide by inoculated commercial yeast was higher than in natural fermentation, but the content was too low to affect the growth of yeasts, or LAB (Würdig 1985; Reguant et al. 2005) . During the rapid development of fermentative yeasts, inhibition similarly peaked more quickly (Fig. 1B) , damaging the multiplication of the same at the beginning of fermentation. The maximum population reached 8.20·10 5 CFU/mL, which was less than during natural fermentation (Table 3) . Thus, the use of inoculum of S. cerevisiae immediately after obtaining the apple must, might prevent the initial development of nonSaccharomyces, and therefore, impaired the formation of typical cider aromas. Inoculum of S. cerevisiae after two, or three days of apple must extraction might be sufficient for the proliferation of apiculate yeasts, and thus would allow the product to develop fruity and flowery aromas. The second growth of apiculate yeasts after the decline of fermentative yeasts was much lower than that observed in natural fermentation, possibly due to the fact that the ethanol content at this point was already 6.5 ºGL, the tolerance limit for these microorganisms.
The population of LAB remained low until the loss of viability of yeast fermentation (Fig. 1B) . After the 10 th day of fermentation the population, started a new growth to reach 1.14·10
6 CFU/mL in 20 days, remaining stable until the end of the experiment (45 days). The population of LAB in this medium was higher than the natural fermentation, which could be explained by the higher amount of nutrients released by cell autolysis. Alexandre et al. (2001) observed that during the autolysis of yeast, amino acids such as asparagine, arginine, α-aminobutyric acid, histidine, leucine, threonine and serine appeared in the fermentation medium. The appearance of serine and threonine was related to cell wall degradation, since the cell wall was rich in these amino acids. The LAB metabolized malic acid from the apples, which decreased from 2.60 on the 1 st day to 0.36 g/L and in traces on the 10 th and 45 th days, respectively. According to Herrero et al. (1999) , this was due to the decarboxylation of malic acid during fermentation. Concurrently, the values of L-lactic acid increased during the same period from zero to 0.99 and 2.29 g/L, respectively ( Table  2 ). The pH decreased from 4.03 to 3.82 and the total acidity increased from 2.65 to 3.20 g/L. The fermentation with inoculation was 2.3 times quicker than the natural fermentation (Table 3) . 
Fermentation with yeast and lactic acid bacteria inocula
In the third experiment, strains of S. cerevisiae and O. oeni were simultaneously inoculated in apple must. In cider, as in wine, Lactobacillus and Oenococcus have been described as the predominant genera during MLF (Cabranes et al. 1991; Dueñas et al. 1994; Sánchez et al. 2010) . The kinetic behavior of S. cerevisiae and apiculate yeasts was similar to that observed in the experiment where only S. cerevisiae was inoculated. The consumption of sugar and ethanol production was similar to that described in the experiment with only yeast inoculum ( Table 2 ). The population of LAB inoculated into the apple must (1.00·10 6 CFU/mL) decreased and remained low until the end of alcoholic fermentation (Fig.   1C ). With the autolysis of yeasts demonstrated by the increase of nitrogen from 60 mg/L at 10 days of fermentation to 120 mg/L after 20 days, the bacterial population started growing. The growth phase of yeast possibly provided a selection of more resistant strains of bacteria in the medium. However, the population observed at 20 days was 6.70 10 5 CFU/mL, which was lower than the experiment with the inoculum of S. cerevisiae (1.14·10 6 CFU/mL). This could be due to the LAB characteristic of O. oeni (enolate DIR*01) in apple wine fermentation. However, the bacteria continued to grow, and at the end of 45 days, reached a population of more than 10 7 CFU/mL (Fig. 1C) . Thus, the inoculum of LAB simultaneously with the yeast inoculum was of interest in relation to the control of malolactic fermentation. The other physicochemical (Table 2) and kinetic (Table 3) parameters were similar to those observed in the experiment with the S. cerevisiae yeast inoculum.
CONCLUSIONS
During this study, the characteristics of three groups of microorganisms in mixed cultures that could participate in the quality of apple wine and ciders were observed. Similar characteristics were observed in the growth phase during all the experiments. The differences were (A) in the fermentation rate by the indigenous and inoculated yeasts, and (B) in the intensity of competition between the microorganisms, depending on the inoculum. The non-Saccharomyces yeasts, naturally present in apples, grew rapidly in the early stage of fermentation. But in all the experiments, they were inhibited at much lower populations by competing with Saccharomyces yeast. In all the three situations, during the growth of yeasts in fermentation, the LAB had their growth inhibited. After the loss of viability of yeast, LAB were stimulated to new growth. With the inoculum of LAB in apple must, after the decline of the yeasts, the new growth of LAB was significantly higher. This could be a way to control the quality of malolactic fermentation in brut, or sec ciders. These results are important for increased knowledge about cider processing and more research is required in this area in order to improve the quality of Brazilian cider.
